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Abstract-   This work’s aim was to perform a review of the scientific literature from the standpoint of both the architect and 
builder. In the first place, on which self-healing materials are currently available for construction industry; secondly, to 
acknowledge the main applications and the self-healing methods of each material. The review was largely carried out using the 
scientific database tool sciencedirect® and other similar tools on the main applications of self-healing materials in construction 
industry. The results reveal that the main applications refer to the production of self-healing concretes and mortars by means of 
self-healing techniques, for example: insertion of microcapsules with various self-healing agents, followed by self-healing 
bacteria. It is concluded that with the use of these materials not only does the service life of structures of buildings improves, but 
also that of the entire building, increasing durability and noticeably decreasing maintenance and reparation costs. 
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I. INTRODUCTION 
Construction industry is one with the heaviest impacts on the environment [1, 2, 3]; an instance of this, concrete is 
the construction material most used in the world [4]. To produce concrete, Portland cement and water are the main 
ingredients used as agglutinant or bond matrix to join the petrous aggregates (sand + gravel) in a hydration process 
that concludes with the curing and hardening of concrete within a given time frame.  
In the construction of buildings as well as rural and urban infrastructure, a number of the construction materials 




 Composites  
 Natural materials  
All these construction materials are exposed to various degradation factors, adding to possible errors and failures 
over design, construction, use and maintenance, which brings about defects that because of the proper nature of the 
materials tend to deteriorate.  
For example, in concrete there are cracks and micro-cracks that cause degradation problems inside and on the 
surface of the material [6]. By and large, cracks in concrete can be defined as something common and acceptable; 
problems appear when the excessive depth and width as well as a large number of cracks produce structural failures 
[7]. A typical example of concrete degradation is when a crack exceeds in dimensions and causes the entrance of 
degradation materials from the outside that can produce corrosion inside the metal both in concrete, which works in 
compression, and steel, which does in tension.  
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In like manner, other sorts of materials such as metals, polymers, plastics, ceramics and various composites are 
exposed to deterioration agents by material defects. 
To prevent the degradation and deterioration of materials and extend their service life, preventive and corrective 
maintenance is basic, as well as numerous methods and strategies to protect the materials such as: 
 Reduction of corrosion by means of anticorrosive coatings 
 Cathodic protection of reinforcing steel in reinforced concrete 
 Concrete coating in reinforcing steel 
 Incorporation of fibers and particles embedded in composite materials (ceramic, 
polymeric or metallic matrix) as reinforcement against internal and external aspects of the material  
 Improvement of mixtures regarding the use of cement / water ratio 
 Architectural and constructive protection of the construction components against 
moisture, radiation, carbonation and condensation agents, fungi, dust, etc.  
 Use of hydrophobic coatings on the materials’ surface 
 High-durability finishes in construction components 
 Et cetera  
At present, there is an innovative technique that directly protects the material from the degradation agents, which 
refers to the materials’ self-healing from the inside, which is the ability or capacity that a material has to repair 
damages from external and internal agents automatically and autonomously [7]. Self-healing may take two forms: 
1. Autonomous self-healing (with no external intervention), 
2. Non-autonomous (it requires human help or intervention or of any external agent). 
There are various processes for a material to heal itself. The main is self-healing of cracks (as it is the typical case of 
concrete) which close and protect the material; however, there is also other very similar process, which consists in 
filling the gaps or holes the material may have and thus increase the performance of mechanical strengths and even 
the aesthetical appearance of the material.    
In order to accomplish this, several strategies of material design are required, since materials for construction 
industry, and in general, are diverse in nature and with different properties: polymers/plastics, paints/coatings, 
ceramics/concretes, metallic/steel, etc., which have their own self-healing mechanisms [8].  
To design self-healing materials, there are some techniques and methods that largely have to do with chemistry 
and materials science [8]:  
 Releaser of the repairing agent, which is the most used mainly in concrete, a frequently 
used technique is the insertion of capsules or particles that release self-healing agents inside the 
material. 
 Reversible cross bonds or “reticulation”, which is an irreversible process of polymeric 
materials, it is performed in order to attain higher mechanical strengths such as a high Young’s 
modulus, resistance to solvents and high resistance to fracture. 
 Electro-hydro-dynamical, in this technique blood’s coagulation process was imitated by 
means of aggregating colloidal particles in the defective site.  
 Conductivity. Polymeric materials are insulating. By providing polymeric systems with 
conductivity, these materials may become suitable for electronic applications. Adjustable 
conductivities in polymeric materials may offer information on the structural integrity by means of 
the electronic feedback that might offer a better idea of the most difficult task of detecting and 
quantify micro-cracks. 
 Shape-memory effect. Certain heavily ordered inter-metallic systems show the known 
shape memory effect, in which the plastic deformation applied in martensite phase at low 
temperature may be almost completely inverted in the transformation into austenite phase at high 
temperature [9, 10]. 
 Nano-particle migration. Nanoparticles in a polymeric fluid may be segregated in cracks 
due to the fatigue attraction induced by the polymer between the particles and surface [11]. 
 Co-deposition. Electrolytic co-deposition can also be used to design self-healing 
anticorrosive coatings. The microcapsules that contain corrosion inhibitors may be added to 
composite coatings by means of this method [12].  
The main applications of self-healing materials nowadays in construction industry summarize as follows: 
 Self-healing concrete and mortars  
 Self-healing metallic structures 
 Self-healing waterproof coatings  
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 Self-healing paints  
 Self-healing polyurethane  
 Self-healing thermosetting polymers 
 Compounds reinforced with self-healing fibers  
The goal of this work is to carry out a review of the scientific literature from the standpoint of the architect and 
builder, firstly on which self-healing materials are available for construction industry and secondly find out the main 
applications and self-healing methods of each material.  
The use of techniques and strategies for self-healing materials in construction industry is fully justified as any 
material may produce micro-cracks and other defects which propitiate structural damage in construction systems, 
and on so, it produces excessive expenditures in preventive and corrective maintenance as well as costly repairs. In 
like manner, it is justified to resort to these novel techniques to help prolong the service life of buildings and their 
durability. Service life understood as the time after installation or construction over which a building or its parts 
meet or exceed the requirements they were designed and built for [13]. Durability understood as the capacity of a 
building or component to reach the optimal performance of its functions within a certain environment or place, for 
certain time with no significant corrective maintenance or repairs [14].  
Self-heling properties in materials are still under research and at early stages of commercialization and product 
application, however in the near future they will be a reality at economically acceptable prices, which help their use 
and implementation in various industries, including construction. 
As the industry more openly accepts these innovative self-healing techniques, their everyday use will increase. 
At present, self-healing materials are a technical reality and the fact there is so much interest in the research and 
scientific development of these innovative technologies is because it has a high potential of technical and economic 
feasibility as well as social and environmental, as it is a technological innovation that might save numerous natural 
and economic resources in the future from the construction of infrastructure, buildings and cities  
 
II. METHODOLOGY 
A review of exploratory nature of the literature was carried out by means of a main category: a review of the scientific 
literature on the applications in construction industry of self-healing materials. 
The review was mainly carried out with the help of the sciencedirect® database tool, and other similar, on the main 
applications of self-healing materials in construction industry, gathering information in the following format (table 1). 
Table 1. Format to gather the information from the scientific literature on self-healing materials in construction industry 
Bibliographic reference Work’s main aim 
  
Source: Author's own elaboration. 
Later on, in order to process the information, the following data were analyzed: 
 Material in question, determined by type and nature  
 Main uses and applications in construction industry  
 Identified self-healing technique  
Finally, the format below was used for presenting the results (table 2): 




Self-healing material Main applications Self-healing technique 
    
Source: Author's own elaboration. 
III. RESULTS 
The results of the review of the scientific literature related to applications of self-healing materials in construction 
industry are shown in:   
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 Table 3, the aim of the revised work is emphasized 
 Table 4, the material in question, its applications and its identified self-repairing technique are 
emphasized  
Table 3. Review of the scientific literature on the application of self-healing materials in construction industry: description and 
works’ objective  
Bibliographic 
reference  
Works’ main aim 
[15] This work reports a simple versatile strategy to build self-healing hydrogels with adjustable 
mechanical properties and shape-memory behavior  
[16] This work explores the possibility of using Ti particles incrusted in microns to heal surface 
cracks in alumina and disentangle the evolution of the crack-filling process in case of oxidation 
in pure solid state. 
[17] Self-healing biomimetic super-amphiphobicity on a rough alumina surface with a large amount 
of nano-pores that act as nano-consumption as low surface energy materials that can release and 
consecutively heal the damaged surface is reported. 
[18]  This article presents the synthesis of two different calcium alginate polymeric fibers that 
encapsulate the rejuvenator by means of a microfluidic device: i) hollow streams of rejuvenation 
of encapsulation of hollow polymeric calcium alginate fibers; ii) polymeric fibers of 
compartmented calcium alginate that encapsulate drops of rejuvenator. 
[19]  In this research capsules of calcium alginate, which contains sunflower oil at various water/oil 
proportions, were synthesized and their physical properties, morphologic characteristics, 
thermodynamic performance, oil content and survival capacity were studied after mixing, 
compacting and selecting the most suitable for an asphalt mix. 
[20]  In this article the flow behavior and self-healing properties of asphalt agglutinants with various 
aging degrees were researched. 
[21]  The goal of this research is to prepare the microcapsule and study the rheological and self-
healing properties of the microcapsules that contain asphalt. 
[22]  This study offers a quantitative assessment of the self-healing of thermal-induced damage in 
asphalt concrete by means of acoustic emission (AE) as well as disc-shaped compact tension 
tests. 
[23]  In this research a new encapsulating rejuvenator of self-healing Ca/silicon alginate fiber 
compartmented by micro-fluidic methods was synthesized.  
[24]  This document revises the applications and latest developments in recent years of a sort of smart 
devices to store energy. 
[25]  This article describes the development of recovered granules as a self-healing system in cement-
based materials. Pan pelleting was resorted to produce granules from three different powdered 
minerals as prospective healing agents: reactive magnesium oxide (MgO), silica fume and 
bentonite. 
[26]  This study proposes for the first time the production of microcapsules with characteristics 
customized for the mechanically-activated self-healing action based on cement.  
[27]  In this study the St-DVB microcapsules that contain epoxy resins as adhesive agent were 
incrusted into cement paste in order to achieve self-healing capacity. 
[28]  Self-healing microcapsules were synthesized by in situ polymerization with a melamine urea-
formaldehyde resin shell and an epoxy resin adhesive. 
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[29]  This article is the second part of a complementary study focused on the autogenous self-healing 
capacity of cement composites reinforced with high performance fiber (HPFRCC). 
[30]  Strain hardening cement composites (SHCC) exhibit a number of characteristics of cracks when 
they bear a load in flexion or traction. In this document, SHCC samples were preloaded under a 
three-point flexion to introduce multiple micro-fissures and were exposed to different conditions 
to assess their self-healing. 
[31]  Research on the self-healing capacity of engineering cement composites (ECC) with excellent 
tension deformation capacity and multiple cracking capacity is a candent topic. In the document, 
both destructive and non-destructive methods are resorted to in order to track the self-healing 
process of ECC in wet-dry cycles, which are ultrasonic measurement, absorption test and direct 
traction test, respectively. 
[32]  This research focuses on the effect of replacing the limestone powder with cement material in 
engineering cement composite performance that contains high-volume fly ash. 
[33]  The effect of dosages of the expansive MgO-type agent and fly ashes of various types as 
replacements for cement was researched on the basis of the lowest expansion characteristics of 
the bars. Cement composite designed –MgO by means of linear expansion tests both in water 
and “auto-clave”. 
[34]  For this research, recovered expanded perlite was used for immobilizing the bacterial spores and 
encapsulating nutrients such as two separate components for self-healing concrete. Self-healing 
capacity was assessed by means of images and the initial absorption of water by the surface. 
[35]  The effects of heat, depletion of nutrients and pH treatments were examined; all of them 
designed to mimic the conditions of fresh cement paste on ureolithic bacterium Sporosarcina 
pasteurii; specifically, the impacts on bacterial viability, the capacity to hydrolyze urea and the 
surface load were assessed. 
[36]  The article researches the effect of capsules on damage resistance by considering constitutive 
models of fractures. The fracture resistance of the samples with capsules increases up to 35% in 
comparison with the reference.  
[37]  Self-healing under multiple damage cycles is critical for the concrete structures’ service 
capacity. This article explores the mechanical and permeability properties of multiple (i.e., 
three) damage cycles comparing autogenous self-healing and PVA, super absorbent polymer and 
bacteria immobilized in biochar.  
[38]  Microbial calcium carbonate offers an attractive biotechnology to fill the pores’ volume, as well 
as micro and macro cracks in the affected cement material, which becomes barriers to hinder 
water or the aggressive chemical fluid. The present study describes a theoretical model to 
simulate the kinetics of induced calcite precipitation as a response for the hydrolysis of urea in 
concrete cracks. 
[39]  This document focuses on a self-healing technique called microcapsules, which contain a 
healing agent that is released as a result of crack propagation. The document presents details on 
the microcapsules, their implementation in both concrete and field tests as well as assessment in 
laboratory. 
[40]  Microcapsules with Toluene di-isocyanate (TDI) as a nucleus and paraffin as shell for concrete’s 
self-healing they were prepared using the condensation method in melt state and the effects of 
preparation temperature, stirring speed, and the mass ratio of paraffin / TDI in the central 
fraction of studied microcapsules. 
[41]  This study presents the development of a new active control technique of the crack width to 
significantly reduce the variation of crack width in a series of cracks, which becomes more 
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consistent permeability results. 
[42]  A novel self-healing chemical system with microcapsules of Sodium mono-
fluorophosphate/ethyl cellulose is designed with a view to inhibiting corrosion in reinforcing 
steel in concrete materials under NaCl solution. 
[43]  This work researched self-healing coatings for reinforcing steel to introduce an autonomous 
healing system for damaged coatings.   
[44]  In this study self-healing solid capsules were produced using cement powder for the self-healing 
of cracks of concrete structure. 
[45]  The present study was designed and implemented to explore not only the effects of urease 
bacteria as a self-healing agent incorporated into a mix of mortar, but also the various curing 
environments on the mortar’s durability. 
[46]  This novel graphene-epoxy nanocomposite has self-healing efficacious and superior anti-
penetration functions, at once providing the coatings with smart anticorrosive performance.  
[47]  This article presents a thorough study of the self-healing properties of various polymer 
nanocomposites that use a series of curing mechanisms, including the addition of various 
healing agents. 
[48]  They designed and synthetized a self-healing material based on polymer / graphene with a 
structure of reticulation net by means of the Diels-Alder reaction. 
[49]  In this document, a sort of thermoplastic polyurethane which contains Diels-Alder bonds has 
been successfully synthesized.  
[50]  In this document, three sorts of concrete beams with two different lengths of adhesive of 
encapsulated polyurethane were tested and the self-healing performance was measured applying 
a static torsion load. 
Source: author’s own elaboration based on the review of the scientific literature recorded in the first column 
of this table. 
In table 3, the review of the scientific literature on the applications of self-healing materials in construction industry, 
detailing the goal of the work. It was found that some studies focus on producing and characterizing self-healing 
materials, while other studies only refer to the assessment and analysis of some self-healing materials.  
Table 4. Interpretation of the review of the scientific literature referring to the applications of self-healing materials in 




Self-healing material  Main applications  Self-healing technique  
[15]  Poly-acrylic acid  Hydrogels with shape-
memory behavior for 
surfaces and hydrophobic 
finishes 
Induced by multi-amines 
[16]  Alumina Self-healing aluminum  Incrusted titanium micro-particles 
[17]  Alumina Self-healing aluminum Using low surface energy 
materials 
[18]  Asphalt Pavements and other 
surfaces 
Micro-fluidic synthesis of 
polymeric particles 
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[19]  Asphalt Pavements and other 
surfaces 
Synthesis and characterization of 
multiple-cavity calcium alginate 
[20]  Asphalt Pavements and other 
surfaces 
Not applicable 
[21]  Asphalt Pavements and other 
surfaces 
Not applicable 
[22]  Asphalt Pavements and other 
surfaces 
Not applicable 
[23]  Asphalt Pavements and other 
surfaces 
Micro-fluidic synthesis of 
polymeric fibers  
[24]  Lithium, Gallium, Titanium Batteries and 
supercapacitors  
Lithiation and dimerization  
[25]  Cements Cement-based composites 
(concretes and mortars) 
Polymeric preparation and 
encapsulation of mineral powder 
granules 
[26]  Cements Cement-based composites 
(concretes and mortars) 
Micro-fluidic production of 
custom microcapsules 
[27]  Cements Cement-based composites 
(concretes and mortars) 
Microcapsules that contain epoxy 
resins as adhesive agents were 
incrusted in cement to accomplish 
self-healing capacity  
[28]  Cements Cement-based composites 
(concretes and mortars) 
By means of inserting 
microcapsules of Urea-
formaldehyde melamine 
[29]  Cements Cement-based composites 
(concretes and mortars) 
Not applicable 
[30]  Cements Cement-based composites 
(concretes and mortars) 
Not applicable 
[31]  Cements Cement-based composites 
(concretes and mortars) 
Not applicable 
[32]  Cements Cement-based composites 
(concretes and mortars) 
Design and production of 
limestone powder as bound 
matrix. 
[33]  Cements Cement-based composites 
(concretes and mortars) 
Design and production of mixtures 
with large volumes of fly ash and 
expansive agent of magnesium 
oxide (MgO) type 
[34]  Concrete Structures for buildings  Application of encapsulated 
bacteria of expanded perlite  
[35]  Concrete Structures for buildings Bio-mineralizing bacteria  
[36]  Concrete Structures for buildings Not applicable  
[37]  Concrete Structures for buildings Bacteria immobilized with biochar 
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and superabsorbent polymers 
[38]  Concrete Structures for buildings Insertion of microbial calcium 
carbonate  
[39] Concrete Structures for buildings Microcapsule insertion 
[40]  Concrete Structures for buildings Insertion of microcapsules that 
contain Toluene diisocyanate 
[41]  Concrete Structures for buildings Not applicable 
[42]  Concrete Structures for buildings Use of Mono-fluorophosphate / 
ethyl cellulose microcapsules  
[43]  Epoxy Epoxy coating for 
reinforcing steel 
Use of microcapsules as reparable 
agent  
[44]  Mortar and cements Production of concretes 
and mortars  
Use of self-healing solid capsule 
[45]  Mortar and cements Production of concretes 
and mortars 
Use of urease bacterium embedded 
in mortar 
[46]  Nanocomposite of graphene 
epoxy  
Anticorrosion coatings  Synthesis of graphene-
cyclodextrin-epoxy 
[47]  Polymer nanocomposite  Anticorrosion coatings Addition of various repairing 
agents 
[48] Polymer/graphene Anticorrosion coatings  Diels-Alder reaction 
[49]  Polyurethane Insulating materials for 
construction, coatings and 
adhesives 
Diels-Alder reaction 
[50] Polyurethane Insulating materials for 
construction, coatings and 
adhesives 
Not applicable 
NB: ‘Not applicable’ refers to the fact that the study only focused on assessing the self-healing material, not on 
producing it.  
Source: author’s own elaboration on the basis of the review of the scientific literature registered in the first column of 
this table.  
Table 4 presents the review of the scientific literature regarding the applications of self-healing materials in 
construction industry, including the source (column 1, table 4), the self-healing material, object of study (column 2, 
table 4); applications in construction industry (column 3, table 4) and the self-healing techniques. There were some 
studies that referred to assessment or analyses of some materials in which it was not applicable to mention the 
material’s self-healing technique. For example, [50] study a polyurethane case in which the objective was to test 
three sorts of concrete beams with two different encapsulated polyurethane adhesive lengths and the performance of 
self-healing was measured applying a static tension load, so the goal focused on measuring the mechanical strengths 
of materials produced as test specimens. It may be said that these specimens were produced with self-healing 
techniques, in this case of insertion of self-healing agent capsules, though not as the study’s main goal. 
On the contrary, [51] mention that in order to produce self-healing asphalt, a technique of synthesis and 
characterization of multiple-cavity calcium alginate capsules can be carried out; it consists in inserting capsules of 
calcium alginate in various and diverse sizes and shapes into the asphalt mix over its preparation, which will 
propitiate to fill the holes or cracks which over time appear inside the material. 
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IV. CONCLUSIONS 
When a review of the scientific literature on applications and study cases of any topic is performed, it may be, as in 
the case here, there were two sorts of reviewed studies: the first and largely referring to the way how self-healing 
materials can be produced for various and diverse applications, while the second sort may be studies that only focus 
on assessing certain self-healing materials. Both are useful, but it is concluded that we first have to acknowledge the 
techniques to produce self-healing materials to later perform better assessments and analyses of such materials so as 
to apply them in a better manner in industry.  
The studies most frequently carried out are:  
1. Self-healing concretes and mortars  
2. Self-healing cement composites 
3. Self-healing asphalts  
4. Self-healing polymers  
5. Self-healing metals  
In this way, it can be concluded that the most important self-healing materials in construction industry are cement-
based concretes mainly with applications for buildings’ structures. With this application not only the structures’ 
service life increases, but also that of entire buildings, increasing their durability and noticeably decreasing 
maintenance and reparation costs.  
Out of the sources reviewed in the sample of the present study, the country that prevails in research on self-
healing materials is the country of China, followed by the United States, United Kingdom, Canada, Belgium, South 
Korea, Iran, the Netherlands, Italy, Singapore and Malaysia. However, the above is only a sample but which verifies 
by far that China is having a great boom in many fields of knowledge and for many countries it is a clear example to 
follow.  
The most resorted technique is micro-capsule insertion with various self-healing agents, followed by the use of 
bacteria, Diels-Alder reaction, polymeric fibers synthesis, insertion of titanium microcapsules, multi-amine, lime 
powder and microbial calcium carbonates. 
 
REFERENCES 
[1] Bao Z. W., Zhen H. Z., Ende Y., Zhi Ch. & Xiang H. W. (2018) Assessment and management of air emissions and environmental impacts 
from the construction industry, Journal of Environmental Planning and Management, 61 (14), 2421-2444. DOI: 
10.1080/09640568.2017.1399110 
[2] Yusof, N.A., Awang, H. & Iranmanesh, M. (2017). Determinants and outcomes of environmental practices in Malaysian construction 
projects, Journal of Cleaner Production, 156 (1), 345-354. 
[3] Ozorhon B. (2013). Response of Construction Clients to Low-Carbon Building Regulations, Journal of Construction Engineering and 
Management, 139 (12), 1-10. https://doi.org/10.1061/(ASCE)CO.1943-7862.0000768 
[4] Gursel A. P., Masanet E., Horvath A. & Stadel A. (2014). Life-cycle inventory analysis of concrete production: A critical review, Cement 
and Concrete Composites, 51 (2014), 38-48. https://doi.org/10.1016/j.cemconcomp.2014.03.005 
[5] Fernandez John E. (2012). Material Architecture: Emergent Materials for Innovative Buildings and Ecological Construction, UK: 
Routledge. 
[6] Hernández Moreno S. (2019). Degradación y durabilidad de materiales y componentes constructivos, México: UNAM/ UAEMEX. 
[7] Schlangen E. & Joseph Ch. (2009). Self-healing Processes in Concrete, in: Swapan Kumar Ghosh (editor), Self-healing materials, pp. 141-
179. Weinheim: WILEY-VCH Verlag GmbH & Co. KGaA. 
[8] Ghosh S. K. (2009). Self-healing Materials: Fundamentals, Design Strategies, and Applications, in: Swapan Kumar Ghosh (editor), Self-
healing materials, pp. 141-179. Weinheim: WILEY-VCH Verlag GmbH & Co. KGaA. 
[9] Otsuka, K. & Wayman, C.M. (1998). Shape Memory Materials, Cambridge: Cambridge University Press. 
[10] Liu, Y., Xie, Z., Humbeeck, J.V. & Delaey, L. (1999). Deformation of shape memory alloys associated with twinned domain re-
configurations, Materials Science and Engineering, 679 (1999), 273–275. 
[11] Balazs, A.C., Emrick, T. & Russell, T.P. (2006). Nanoparticle Polymer Composites: Where Two Small Worlds Meet, Science, 314 (1107–
10). DOI: 10.1126/science.1130557 
[12] Stempniewicz, M., Rohwerder, M. & Marlow, F. (2007). Release from silica SBA-3-like mesoporous fibers: cross-wall transport and 
external diffusion barrier, Phys Chem, 8 (188–94). DOI: 10.1002/cphc.20060040 
[13] ISO (2000). ISO 15686-1:2000; Buildings and constructed assets-Service Life Planning, part 1: General Principles. Switzerland: 
International Organization for Standardization. 
[14] Canadian Standards Association (2001). S478-95 (r2001): Guideline on Durability in Buildings. Canada: CSA. 
[15] Lan J., Ni X., Zhao Ch., Liu Q. & Chen Ch. (2018). Multiamine-induced self-healing poly (Acrylic Acid) hydrogels with shape memory 
behavior, Polymer Journal, 50 (2018), 485–493. https://doi.org/10.1038/s41428-018-0037-7 
[16] Boatemaa L., van der Zwaag S. & Sloof W.G. (2018). Self-healing of Al2O3 containing Ti microparticles, Ceramics International, 44 (10), 
11116-11126. https://doi.org/10.1016/j.ceramint.2018.03.119 
Journal of Xi'an University of Architecture & Technology
Volume XII, Issue V, 2020
ISSN No : 1006-7930
Page No: 40
[17] Wang X., Liu X., Zhou F. & Liu W. (2011). Self-healing superamphiphobicity, Chem. Commun., 47 (2011), 2324–2326. DOI: 10.1039/ 
c0cc04066e 
[18] Shu B., Wu Sh., Dong L., Norambuena-Contreras J., Yang X., Li Ch., Liu Q. & Wang Q. (2019). Microfluidic synthesis of polymeric fibers 
containing rejuvenating agent for asphalt self-healing, Construction and Building Materials, 219 (2019), 176-183. 
https://doi.org/10.1016/j.conbuildmat.2019.05.178 
[19] Zhang L., Liu Q., Li H., Norambuena-Contreras J., Wu Sh., Bao Sh. & Shu B. (2019). Synthesis and characterization of multi-cavity Ca-
alginate capsules used for self-healing in asphalt mixtures, Construction and Building Materials, 211 (2019), 298-307. 
https://doi.org/10.1016/j.conbuildmat.2019.03.224 
[20] Zhang L, Liu Q, Wu Sh, Rao Y, Sun Y, Xie J. & Pan P. (2018a). Investigation of the flow and self-healing properties of UV aged asphalt 
binders, Construction and Building Materials, 174 (2018a), 401-409. https://doi.org/10.1016/j.conbuildmat.2018.04.109 
[21] Zhang H., Bai Y. & Cheng F. (2018). Rheological and self-healing properties of asphalt binder containing microcapsules, Construction and 
Building Materials, 187 (2018b), 138-148. https://doi.org/10.1016/j.conbuildmat.2018.07.172 
[22] Behnia B. & Reis H. (2019). Self-healing of thermal cracks in asphalt pavements, Construction and Building Materials, 218 (2019), 316-
322. https://doi.org/10.1016/j.conbuildmat.2019.05.095 
[23] Shu B, Zhang L, Wu Sh, Dong L, Liu Q. & Wang Q. (2018). Synthesis and characterization of compartmented Ca-alginate/silica self-
healing fibers containing bituminous rejuvenator, Construction and Building Materials, 190 (2018), 623-631. 
https://doi.org/10.1016/j.conbuildmat.2018.09.121 
[24] Cheng Y., Xiao X., Pan K. & Pang H. (2020). Development and application of self-healing materials in smart batteries and supercapacitors, 
Chemical Engineering Journal, 380 (2020), 122565. https://doi.org/10.1016/j.cej.2019.122565 
[25] Alghamri R., Kanellopoulos A., Litina C. & Al-Tabbaa A. (2018). Preparation and polymeric encapsulation of powder mineral pellets for 
self-healing cement based materials, Construction and Building Materials, 186 (2018), 247-262. 
https://doi.org/10.1016/j.conbuildmat.2018.07.128 
[26] Souza L. & Al-Tabbaa A. (2018). Microfluidic fabrication of microcapsules tailored for self-healing in cementitious materials, Construction 
and Building Materials, 184 (2018), 713-722. https://doi.org/10.1016/j.conbuildmat.2018.07.005 
[27] Li W., Jiang Z., Yang Z., Zhao N. & Yuan W. (2013). Self-Healing Efficiency of Cementitious Materials Containing Microcapsules Filled 
with Healing Adhesive: Mechanical Restoration and Healing Process Monitored by Water Absorption, PLoS ONE, 8 (11), e81616. 
doi:10.1371/journal.pone.0081616 
[28] Li W., Zhu X., Zhao N. & Jiang Zh. (2016). Preparation and Properties of Melamine Urea-Formaldehyde Microcapsules for Self-Healing of 
Cementitious Materials, Materials, 9 (152), 1-17. doi:10.3390/ma9030152 
[29] Ferrara L., Krelani V. & Moretti F. (2016). Autogenous healing on the recovery of mechanical performance of High Performance Fibre 
Reinforced Cementitious Composites (HPFRCCs): Part 2 – Correlation between healing of mechanical performance and crack sealing, 
Cement and Concrete Composites, 73 (2016), 299-315. https://doi.org/10.1016/j.cemconcomp.2016.08.003 
[30] Zhang P., Dai Y., Ding X., Zhou Ch., Xue X. & Zhao T. (2018). Self-healing behaviour of multiple microcracks of strain hardening 
cementitious composites (SHCC), Construction and Building Materials, 169 (2018), 705-715. 
https://doi.org/10.1016/j.conbuildmat.2018.03.032 
[31] Zhu Y., Zhang Z., Chen X., Zou D., Guan X. & Dong B. (2020). Non-destructive methods to evaluate the self-healing behavior of 
engineered cementitious composites (ECC), Construction and Building Materials, 230 (2020), 116753. 
https://doi.org/10.1016/j.conbuildmat.2019.116753 
[32] Siad H., Alyousif A., Keskin O. K., Keskin S. B., Lachemi M., Sahmaran M. & Hossain-Khandaker M. A. (2015). Influence of limestone 
powder on mechanical, physical and self-healing behavior of Engineered Cementitious Composites, Construction and Building Materials, 
99 (2015), 1-10. https://doi.org/10.1016/j.conbuildmat.2015.09.007 
[33] Sherir-Mohamed A.A., Hossain-Khandaker M.A. & Lachemi M. (2016). Self-healing and expansion characteristics of cementitious 
composites with high volume fly ash and MgO-type expansive agent, Construction and Building Materials, 127 (2016), 80-92. 
https://doi.org/10.1016/j.conbuildmat.2016.09.125 
[34] Alazhari M., Sharma T., Heath A., Cooper R. & Paine K. (2018). Application of expanded perlite encapsulated bacteria and growth media 
for self-healing concrete, Construction and Building Materials, 160 (2018), 610-619. https://doi.org/10.1016/j.conbuildmat.2017.11.086 
[35] Williams S. L., Kirisits M. J. & Douglas-Ferron R. (2017). Influence of concrete-related environmental stressors on biomineralizing 
bacteria used in self-healing concrete, Construction and Building Materials, 139 (2017), 611-618. 
https://doi.org/10.1016/j.conbuildmat.2016.09.155 
[36] Tsangouri E., Gilabert F. A., De Belie N., Van Hemelrijck D., Zhu X. & Aggelis D. G. (2019). Concrete fracture toughness increase by 
embedding self-healing capsules using an integrated experimental approach, Construction and Building Materials, 218 (2019), 424-433. 
https://doi.org/10.1016/j.conbuildmat.2019.05.138 
[37] Kua H. W., Gupta S., Aday A. N. & Srubar III W. V. (2019). Biochar-immobilized bacteria and superabsorbent polymers enable self-
healing of fiber-reinforced concrete after multiple damage cycles, Cement and Concrete Composites, 100 (2019), 35–52. 
https://doi.org/10.1016/j.cemconcomp.2019.03.017 
[38] Algaifi Hassan A., Bakar Suhaimi A., Mohd Sam A. R., Abidin Ahmad R. Z., Shahir S. & Al-Towayti W. A. H. (2018). Numerical 
modeling for crack self-healing concrete by microbial calcium carbonate, Construction and Building Materials, 189 (2018), 816-824. 
https://doi.org/10.1016/j.conbuildmat.2018.08.218 
[39] Al-Tabbaa A., Litina Ch., Giannaros P., Kanellopoulos A. & Souza L. (2019). First UK field application and performance of microcapsule-
based self-healing concrete, Construction and Building Materials, 208 (2019), 669-685. https://doi.org/10.1016/j.conbuildmat.2019.02.178 
[40] Du W., Yu J., Gu Y., Li Y., Han X. & Liu Q. (2019). Preparation and application of microcapsules containing toluene-di-isocyanate for 
self-healing of concrete, Construction and Building Materials, 202 (2019), 762-769. https://doi.org/10.1016/j.conbuildmat.2019.01.007 
[41] Van Mullem T., Gruyaert E., Debbaut B., Caspeele R. & De Belie N. (2019). Novel active crack width control technique to reduce the 
variation on water permeability results for self-healing concrete, Construction and Building Materials, 203 (2019), 541-551. 
https://doi.org/10.1016/j.conbuildmat.2019.01.105 
Journal of Xi'an University of Architecture & Technology
Volume XII, Issue V, 2020
ISSN No : 1006-7930
Page No: 41
                             
 
[42] Dong B., Ding W., Qin Sh., Fang G., Liu Y., Dong P., Han Sh., Xing F. & Hong Sh. (2018). 3D visualized tracing of rebar corrosion-
inhibiting features in concrete with a novel chemical self-healing system, Construction and Building Materials, 168 (2018), 11-20. 
https://doi.org/10.1016/j.conbuildmat.2018.02.094 
[43] Weishaar A., Carpenter M., Loucks R., Sakulich A. & Peterson A. M. (2018). Evaluation of self-healing epoxy coatings for steel 
reinforcement, Construction and Building Materials, 191 (2018), 125-135. https://doi.org/10.1016/j.conbuildmat.2018.09.197 
[44] Oh S-R, Choi Yun W. & Kim Y. J. (2019). Effect of cement powder based self-healing solid capsule on the quality of mortar, Construction 
and Building Materials, 214 (2019), 574-580. https://doi.org/10.1016/j.conbuildmat.2019.04.123 
[45] Tayebani B. & Mostofinejad D. (2019). Self-healing bacterial mortar with improved chloride permeability and electrical resistance, 
Construction and Building Materials, 208 (2019), 75-86. https://doi.org/10.1016/j.conbuildmat.2019.02.172 
[46] Liu Ch., Li J., Jin Zh., Hou P., Zhao H. & Wang L. (2019). Synthesis of graphene-epoxy nanocomposites with the capability to self-heal 
underwater for materials protection, Composites Communications, 15 (2019), 155-161. https://doi.org/10.1016/j.coco.2019.07.011 
[47] Kumar-T. V. & Kessler M. R. (2015). Self-healing polymer nanocomposite materials: A review, Polymer, 69 (2015), 369-383. 
https://doi.org/10.1016/j.polymer.2015.04.086 
[48] Li G., Xiao P., Hou Sh. & Huang Y. (2019). Rapid and efficient polymer/graphene based multichannel selfhealing material via Diels-Alder 
reaction, Carbon, 147 (2019), 398-407. https://doi.org/10.1016/j.carbon.2019.03.021 
[49] Feng L., Yu Z., Bian Y., Wang Y. & Zhao Y., Gou L. (2018). Effect of failure modes on healing behavior and multiple healing capability of 
self-healing polyurethanes, Construction and Building Materials, 186 (2018), 1212-1219. 
https://doi.org/10.1016/j.conbuildmat.2018.08.048 
[50] Anbarlouie M., Mahdikhani M. & Maleki A. (2018). The contribution of encapsulated polyurethane adhesive in improving the static 
torsional resistances of self-healing concrete beam comparing bonded FRP technique, Construction and Building Materials, 191 (2018), 
904-911. https://doi.org/10.1016/j.conbuildmat.2018.09.188 
[51] Zhang L., Liu Q., Li H., Norambuena-Contreras J., Wu Sh., Bao Sh. & Shu B. (2019). Synthesis and characterization of multi-cavity Ca-
alginate capsules used for self-healing in asphalt mixtures, Construction and Building Materials, 211 (2019), 298-307. 
https://doi.org/10.1016/j.conbuildmat.2019.03.224 
 
Journal of Xi'an University of Architecture & Technology
Volume XII, Issue V, 2020
ISSN No : 1006-7930
Page No: 42
